Abstract: Interest rates in many advanced economies have been low for almost a decade now and are often expected to remain so. This creates challenges for banks. Using a sample of 3,385 banks from 47 countries from 2005 to 2013, we find that a one percentage point interest rate drop implies an 8 basis points lower net interest margin, with this effect greater (20 basis points) at low rates. Low rates also adversely affect bank profitability, but with more variation. And for each additional year of "low for long", margins and profitability fall by another 9 and 6 basis points, respectively.
Introduction
Interest rates in many advanced economies have been low for almost a decade, since the global financial crisis (GFC), and in many cases are expected to remain low for considerably longer. Low interest rates can help economies recover and enhance banks' balance sheets and performance by leading to capital gains, supporting asset prices and reducing non-performing loans. But persistently low interest rates -"low for long" -may also erode the profitability and franchise value of banks, because low rates are typically associated with lower net interest margins (NIMs). Banks will often be reluctant to (quickly) lower deposit rates as interest rates decline, especially for retail depositors. On the other hand, banks must often still pass the lower rates on to existing and new loans based on contractual repricing and competition induced by borrowers who have other financing choices. As a result, when interest rates decline, passthrough of policy rates to various market rates may be imperfect, which could impede monetary policy transmission. And as bank margins tend to compress, this, in turn, may adversely affect banks' ability to lend as it erodes their capital positions. Both of these implications represent potentially adverse economic consequences and financial stability risks.
Some advanced economies' central banks are indeed facing challenges in monetary policy transmission and some of their banks are facing profitability challenges in part related to low rates and consequently lower NIMs. While bank profitability, measured by return on assets (ROA), in some advanced economies has recovered from the worst of the GFC, many advanced economies' banks have reported relatively weak profitability in recent years. Concurrently, banks in many countries with low rates have low market valuations, often with price-to-book ratios very much below one. While differences in profitability and valuations also reflect structural differences in balance sheet compositions, these declines in profitability and market valuation are in the eyes of some observers in part related to the lower interest rates. But how strong is the link between interest rates, NIMs, and profitability? And is this relationship different in low interest rate environments, i.e., are very low rates worse for margins and profitability? To date, answers to these questions are largely elusive. This paper investigates the relationship between changes in interest rates, NIMs, and profitability for a large sample of banks in a wide spectrum of countries over a long period. Our large cross-country and relatively long panel allows us to analyze banks operating across various countries and in different interest rate environments in the same country, important for the identification of a differential effect when interest rates are low, while controlling for bank specific characteristics. The cross-country and time-series panel also provides us with a strong way to isolate the effect of a low(-for-long) interest rate through the erosion of banks' NIMs and profitability from other concurrent factors, such as overall competition in the respective banking system or other economic and financial developments. To our knowledge, the literature has not investigated this issue much and no other paper has attempted to answer this question with a time-series panel of banks for a large sample of countries.
Overall, our new empirical analysis shows that a low level of interest rates matters for NIMs in three ways: (1) declines in rates contribute to lower NIMs, as interest expenses fall less than interest income; (2) there is an adverse effect that is materially larger when interest rates are low, as they are currently in many advanced economies; and (3) the longer the rates are low, the more adversely NIMs are affected. We also find that there is a materially larger adverse effect from a falling spread between long-and short-term interest rates on profitability when rates are low. And profitability is more adversely affected the longer interest rates are low. These results hold controlling for general economic conditions and bank-specific balance sheet variables, including using bank fixed-effects. Additionally, results are robust to various econometric robustness tests, such as excluding outliers and dropping countries, and specifying different cutoffs for what constitutes a "low" interest rate environment.
While this paper identifies an adverse effect of low interest rates on banks' NIMs and profitability, the analysis does not provide an overall assessment of how low interest rates may affect banking systems. Besides leading to valuation gains on securities held by banks and other financial benefits, much of the overall effects will depend on the effects of low interest rates on the aggregate economy. If low (for long) interest rates stimulate the economy and thereby improve the quality of loans and the environment for lending and provision of other financial services, low interest rates could through such and other channels lead to an increase in a bank's overall capitalization, longer-term profitability and franchise value.
At the same time, besides the negative effects of low interest rates on banks' margins and profitability, there can be adverse effects on bank risk taking. While this paper does not address whether low interest rates lead to unhealthy reach for yield by banks, this has been a concern among many supervisors and policy makers, and has been a subject of research (see Adrian and Liang, 2014, and Dell'Ariccia and Marquez, 2013 , for literature reviews of the links between interest rates and risk taking). The negative consequences of low (for long) rates on bank profitability and capitalization are additionally important to consider as analysis has suggested that the incentives for (excessive) risk-taking depend not just on the level of interest rate but also on the capitalization and franchise value of the bank (Dell'Ariccia, Laeven and Marquez, 2014) .
By adversely affecting over time the capital position of banks, low rates could furthermore adversely affect banks' willingness to lend. And a limited pass-through of policy rates, combined with the adverse effects on banks of low rates, could hamper monetary policy transmission and disrupt the transmission channel of interest rates to lending (the bank lending channel, e.g., Kashyap and Stein, 1995, 2000) . More generally, low interest rates may adversely affect banks in a number of ways (see further Shin, 2016 for a discussion, and the model of Brunnermeier and Koby, 2016 , with specific reference to negative interest rates; and the model of Begenau, 2015, with reference to the demand for safe assets). While this paper does not review these channels, the adverse effects we find of low interest rates for banks point to these possibilities.
The remainder of this paper proceeds as follows: Section II motivates the paper and reviews the literature on the effects of low interest rates on banks' NIMs and profitability, section III outlines our data and sample, section IV discusses our empirical framework and results, as well as some robustness tests, and section V concludes.
II. Motivation and Related literature

Motivation
How changes in interest rates affect banks' performance has been a subject of much practical and some academic research. Obviously, bank shareholders and other investors are keenly interested in how changes in interest rates affect the income and profitability of banks (e.g., see banking and investment textbooks such as Mishkin, 2015) . Clearly effects will vary by bank, depending on their interest rate exposures, in turn a function of their degree of maturity transformation and use of risk management techniques, including derivatives (e.g., following the seminal contribution of Ho and Saunders, 1981) . Relatively little focus has been given to the question of how low interest rates impact banks' NIMs and profitability differentially. Analytics (and most existing empirical findings, further reviewed below) suggest, however, that, controlling for other factors, banks' NIMs are lower when interest rates are low. The reasons typically mentioned are as follows.
Low short-term interest rates can depress bank margins, because for many types of deposits and some other liabilities, banks are reluctant to lower rates. In part, this is because of an effective lower bound, as depositors and other creditors can switch to cash-forms of savings.
Banks may also fear losing clientele when they lower rates too much, clientele which are important to the banks' business in other ways than just funding. There is evidence, for example, that banks derive value from cross-selling products like consumer credit and mortgage to their depositors (e.g., Berger, Hancock and Humphrey, 1993; see further Mester, 2008) . Indeed, the franchise value derived from a deposit is high enough to justify banks paying for acquiring a deposit, with premiums for core deposits historically of 1 to 2 percent. Both the lower bound and reluctance to lose clients reasons are especially large when interest rates fall below zero, as has recently happened in Japan and several European countries. While there is anecdotal evidence that some banks are passing negative rates onto corporate customers in select cases, banks have been reluctant to pass negative policy rates on to retail depositors (e.g., Bech and Malkohozov, 2016 ).
With deposit rates facing a floor, as interest rates decline, bank margins will compress if banks must still pass on lower rates on the asset-side of their balance sheet. The latter is likely to happen based on contractual repricing terms, e.g., on floating rate loans, or because there is an incentive to do so for those borrowers that have other financing choices, e.g., from corporate bond markets or other banks. 1 Apart from the de-facto zero-lower-bound effects on deposit rates, effects of interest rates on NIMs are furthermore likely to be larger in a low-yield environment if, ceteris paribus, the spreads on loans over deposit rates increase with the level of the rate. This can be expected when spreads compensate for default and other risks that are otherwise interestinsensitive. More generally, as Appendix I models more formally, it is likely that the relationship between NIMs and interest rate is non-linear. As such, it is important to study separately the effects of changes in interest rate in general from those changes when the interest rate is low.
While we focus less attention on the slope of the yield curve in this paper, because banks transform short-dated liabilities into longer-dated assets, their NIMs are likely also negatively affected by shallower yield curves, as has again been the case in many advanced economies in recent years. We therefore include the slope as well in our empirical analysis.
The effects of low interest rates on bank profitability are less obvious, even if NIMs were to decline. In many ways, banks benefit at least in the short-run from low interest rates. Directly, banks benefit through valuation gains on any fixed-income securities they hold, and, indirectly, 1 The degree and speed of pass through will in part vary in line with maturities of existing assets and liabilities, which are mainly determined by contractual reasons. Banks will also vary their borrowing and lending contracts of course in response to changes in interest rates considering competitive conditions. For example, Cohen, Lee, and Stebunovs (2016) show that relationship between monetary policy rates and borrowing costs has become more tenuous in the markets for syndicated corporate term loans during the period of low interest rate than in the past, in particular in the United States, due to the use of floors by banks in response to desire from non-bank lenders for income protection.
banks can additionally gain as non-performing loans diminish as borrowers' debt service becomes less burdensome. Lower interest rates may also spur the economy, and then, over time, increase profitability from new lending and the provision of other financial services. Whether these benefits offset the lower NIMs and increase profitability, and over which horizon they continue to do so, is not obvious, however. The valuation gains from lower interest rates, for example, do not continue if rates do not decline further. And the benefits from lower nonperforming loans depend on whether and to what degree low interest rates are associated with sustainable economic improvements and better firm and household prospects. This discussion does indicate that there can be lags in the effect of interest rate on NIMs and profitability. As such, it is important to use a longer time-series of data on banks, allow for lags, and study the time patterns over which the effects of interest rate changes manifest themselves.
This is the more so since over time banks can offset the impact of lower NIMs on profitability through cutting costs, and increasing non-interest income and raising the volume of lending, including internationally. At least in the short-term, however, and surely in the aggregate, banks have limited ability to fully offset any impact of declining NIMs as the scope for expanding non-interest income for an individual bank and banking system overall quickly is limited. This limitation is particularly true in those countries that are more bank-based where non-interest income is typically low, as capital market activities contribute little to banks' income. Although in the face of lower interest rates many banks have increased fees, e.g., ATM
or account management fees, to better cover costs, many, especially European banks, still have a low share of non-interest income in revenues compared to say Canadian and US banks, reflecting their less developed asset management and other fee-generating financial services. This low share of non-interest income suggests limited scope for many banks to quickly increase other income streams. Since generating non-interest income may be particularly difficult for smaller banks which typically have higher shares of interest income, low interest rates may affect countries with many small banks, e.g. Germany and Italy, to a greater degree. This discussion, besides highlighting the time patterns in changes in profitability, also means that using evidence of banks from a cross-section of countries can help in identifying the effects of changes in interest rates on NIMs and profitability.
Lastly, it is important to acknowledge the endogeneity of monetary policy when considering the possible effects of changes in interest rates on banks. Central banks raise rates when the economy is doing well and lower them when the economy is doing badly. Economic conditions also directly affect a bank's ability to make loans and collect deposits. 
Related Literature
Empirical evidence on the effects of the level of interest rates on bank performance is relatively limited, somewhat surprisingly. While there is a large literature on the effects of changes in interest rates on banks' performance and valuation, considering also the degree to which banks engage in maturity transformation and interest rate risk hedging, fewer papers have focused on how these effects on banks vary by the level of the interest rate. We divide the relevant literature into cross-country analyses, and country specific studies, with the latter analyzing also more the role of bank-specific characteristics.
One of the earliest cross-country studies using bank specific data on bank margins is Demirgüç-Kunt and Huizinga (1999 20 basis points at a rate of 6 percent) and where there is an unusually flat term structure.
Analyses for various individual countries support the greater negative effects of low interest rates on NIMs. Genay and Podjasek (2014) finds that U.S. banks are adversely affected by low interest rates for an extended period of time through a narrower spread. They also note, however, that the direct effects of low rates are small relative to the economic benefits, including through better support for asset quality. Similarly, while not explicitly studying the effects of interest rates on banks, a study of 98 EU banks (ECB, 2015) finds that macroeconomic factors, and not interest rates, have had the most importance for bank health since the GFC Analysis for Germany suggests that in "normal" interest rate environments, the long-run effect of a 100 basis points change on NIMs is very small at around 7 basis points (Busch and Memmel, 2015) . This analysis was not conducted in a specifically low interest rate environment; however, the Bundesbank Financial Stability Review of September 2015, analyzing 1,500 banks, does find that persistent low interest rates weigh on German banks' profitability.
Evidence for other countries on the effects of (low) interest rates on NIMs and profitability is scarcer. Analysis using Japanese bank data shows that low-for-long interest rates also contributed to the declining NIMs of Japanese banks (Deutsche Bank, 2013) . Over time, however, portfolio shifts towards investment in securities, a greater reliance on non-interest income, and a holding down of costs allowed Japanese banks' profitability to remain mostly positive. Furthermore, following a nearly two-decade experience with low-for-long interest rates, Japanese banks have started to expand internationally in recent years, possibly increasing profitability.
The literature has found that the direct effects of changes in interest rates on margins and profitability can vary by bank. Analysis for U.S. banks suggests that rate changes in general have a greater short-run impact on small banks as they depend more on traditional intermediation of retail deposits, which are stickier in price, into loans, many of which are priced off floating (prime) rates (e.g., Genay and Podjasek, 2014) . While large U.S. banks typically have a greater ability to manage interest rate risks and reprice their liabilities, and would thus be less affected by low interest rates, they have since the GFC seen their funding cost advantage erode and NIMs decline more than small banks have. This seems, however, at least in part due to regulatory changes (Covas, Rezende and Voitech, 2015) .
The differences between small and large banks in terms of the impacts of interest rate changes on net interest margin and profitability arise in part from differences in the compositions of their asset and liabilities, in the competition for funds and lending opportunities, and in general business models. Consistent with other evidence, Landier, Sraer and Thesmar (2013) show that in cash-flow terms, US banks are positively exposed to interest rate risks as their assets are more sensitive than their liabilities are, a risk which is typically not fully offset by banks' use of derivatives. This sensitivity varies across banks, however, and in turn leads banks' lending to respond differently to interest rate changes as their financing is affected differently (e.g., banks
with greater exposure are more adversely affected by an interest rate decline). Variations in exposure to changes in interest rates across banks arise in part from differences in competition in deposit and loan markets. As shown by Drechsler, Savov, and Schnabl (2014) , interest rates on deposits change less with changes in the Fed funds rate in markets where there is less deposit competition.
Interest rate exposures also explain why stock returns of banks react to changes in interest rates (Flannery and James, 1984 the GFC and as rates have declined. A permanent reduction in interest rates reduces for example the gross value of core deposits, and given that branches still have non-interest expenses, maintaining deposit relationships could become a negative present value business. Their evidence using US bank data is consistent with lower interest rates reducing the market-to-book value of equity significantly. 4 Our new cross-country analysis confirms and expands on these findings.
III. Data and Sample
To study the impact of interest rates on banks' NIMs and profitability we assemble a unique dataset from several sources. Table 1 provides a full list of variables used in our analysis and their sources. We first collect bank balance sheet and income statement data from Bankscope at an annual frequency. Where available, we use unconsolidated banking data to isolate the effect of a country's interest rate on only the bank's operations in that country. Our final sample contains 3,385 banks from 47 countries for 2005-2013. 5 We provide a full set of summary statistics in Table 2 , Panel A. In the base regressions, we trim observations in cases where the data is logically inconsistent (for example, when assets are below zero or when deposits are greater than liabilities). We additionally trim outliers that are more than five standard deviations from the mean and censor observations where the NIM or ROA for a bank changes by more than ten percentage points from one year to the next.
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The bank level income variables NIM, and ROA show considerable variations, even after these trimmings. While the standard deviation of NIMs is higher than that of ROA, 1.91 vs. 1.06, relative to their means, 2.76 and 0.52 respectively, there is more variability in the ROAs. This may not surprise as year-to-year overall income, capturing the overall effect of various factors and decisions by bank management, is likely to vary considerably. While interest expenses margins also have a higher standard deviation than interest income margins, relative to their means, interest expenses margins are less variable than interest income margins. Deposit over liabilities ratios vary considerably across observations, with a low of 4 percent and a high of 100 percent, a reflection of the fact that our data includes both banks involved in traditional financial intermediation, with higher deposit to liabilities ratios, as well as those that are more engaged in capital market transactions which may also fund themselves more in whole-sale markets. Banks' capitalization varies as well. Furthermore, the relative importance of bank-vs. market-based financing varies greatly across our sample of countries, which explains in part the variation in the securities over assets ratio across banks, varying between 0 and 97 percent.
We next calculate yearly averages of the three-month and ten-year implied sovereign yields from Bloomberg by country and calculate the spread (slope of the yield curve) between the ten-year and three-month rates. 7 To explore whether there is a differential impact of changes in interest rates on bank NIMs, a country is classified each year as being in a low-or high-rate environment based on whether the interest rate on its three-month sovereign bond is below or above 1.25 percent. We test for other cutoffs as well and the results are broadly consistent. As seen in the bottom part of Table 2 , Panel A, the average (median) three-month and ten-year sovereign yields are 1.94 (0.76) and 1.65 (1.43), respectively. There is significant variation in interest rates across countries. The wide variation can also be seen in Figure 1 which shows the range and median of the short-term yields for each country. Importantly, the within-country variation in rates is large, and many countries are both in the high-and low-yield environment at some point in our panel. only data for those banks in the 22 countries that experienced both the high-rate environment and the low-rate environment (as also depicted in Figure 1 ), which also explains why the number of bank-level observations in the two samples are roughly equal. Here we clearly find that NIMs and ROAs are higher in the high-rate environment than in the low-rate environment, with differences for both NIMs and ROAs statistically significant between the two samples. The table also shows that there are statistically significant differences in the interest income to asset ratio and the interest expenses to liabilities ratio between the high and low interest rate environments.
Consistent with the lower NIMs in the low interest rate environments, the gap between interest income and interest expense margins is smaller in the low interest rate environment (224 basis points) than in the high interest rate environment (238 basis points). 8 Profitability is about 14 basis points higher in the high-rate environment, likely reflecting the higher NIMs, but possibly also concurrent better overall economic and financial environments. Data (not shown) also reveal that NIMs are somewhat higher for small banks than for large banks, possibly reflecting different business models for large banks, but profitability is roughly equal for large and small banks.
Besides the (expected) statistically significant differences in the level of the interest rate, there is also a statistically significant difference in GDP-growth rates between the two regimes, making it thus important to control for economic conditions.
Lastly, Panel C provides the correlations between the key variables for the different samples. For the full sample of bank-year observations, the correlation between the level of the interest rate and NIMs is high, 0.54, and between the interest rate and ROAs somewhat lower, 0.36. The correlations between the level of the interest rate and interest expense and income margins are even higher, at 0.72 and 0.69 respectively. The corresponding correlations between the interest rate slope of the yield curve and our outcome variable are much lower, especially for ROAs, likely because other factors confound the impact of interest rate changes. The correlations between the three balance sheet variables and the interest rate level and slope, although not very high, point towards the need to consider these bank conditions. In the next section, we formally control for these and other factors.
IV. Methodology and findings.
To isolate the direct effects of changes in interest rates on NIMs in low-and high-rate environments, we perform an econometric analysis that holds other factors constant, including any correlations that interest rates might have with economic growth, demand for loans, or supply of deposits. We regress a bank's NIM in each year on the level of the three-month sovereign rate, a common proxy for banks' marginal funding costs, and the spread between the three-month and ten-year sovereign rates, controlling for the bank's own lagged NIM, other time-varying bank characteristics, as well as the country's GDP growth in the year, and including a bank fixed effect and a time (year) fixed effect. The regressions are split by observations of bank-years in low-vs. high-rate environments. Specifically, the base regressions use the following empirical specification:
• is the NIM (or ROA) of bank i in country j in year t,
• 3Month is the yearly average 3-month government bond yield,
• is the spread between the 10-year government bond yield and 3-month government bond yield,
• is a dummy equal to 1 if the country j in a specific year t is in a "low rate environment" which we define in the base specification if the 3-month rate is under 1.25 percent,
• ℎ controls for the country's economic growth,
• are bank level controls, specifically deposits over total liabilities, total equity capital over total assets, and total securities over total assets, and
• δi is a bank fixed effect, ζt is a time (year) dummy, and εijt is an error term.
Because the regressions control, through the various bank variables and the bank fixed effects, for each bank's average NIM (or ROA), results can be interpreted as the direct effects of a change in the short-term interest rate and in the slope of the yield curve on banks' NIMs (or ROAs). Since the regressions include the countries' GDP growth rates and general time fixed effects, they also control for general economic conditions, acknowledging the difficulty to fully address the endogeneity in monetary policy. Note that the general time fixed effects control as well for any commonality across countries. For example, since many of the advanced countries in our sample suffered from the GFC and lowered interest rates at the same time, it could be that results are driven by the joint impact of the crisis and policy makers' attempts to contain the crisis (through reducing interest rates). The time dummies also control for any common regulatory changes that may have affected banks' performance. Table 3 reports the baseline regression results for the NIM as the dependent variable, using first as a sample all banks and then splitting the sample between those bank-year observations in the low-and those in the high-interest rate environments. All regressions are clustered at the country level. 9 The regression result in column 1 shows that NIMs are positively related to the level of the short-term interest rate, with a coefficient of about 0.09 in the sample of all bank-year observations. This result implies that a decrease in the short-term interest rate of one percentage points lowers NIMs by about 9 basis points (with effects symmetric for an interest rate increase). We next study banks operating in a low-vs. high-rate rate environment in columns 2 and 3. We find that, other things equal, the negative effects of a lower interest rate are larger in a low rate environment than in a high interest rate environment as the coefficients are 0.198 vs. 0.0761, with this difference statistically significant (at the 10 percent level). This means that for a representative bank, a one percentage-point decrease in the short-term rate is associated with an 8 basis-point decrease in NIM in the high rate environment versus a 20 basispoint decrease in NIM in the low-rate environment, a 12 basis points difference.
We also find positive effects on NIMs related to the slope of the yield curve, which is to be expected since a large role of banks is maturity transformation. These effects statistically differ between low-and high-rate rate environments, as banks have a statistically significant higher sensitivity to the spread variable in the low interest rate environment, 0.134, compared to an insignificant 0.005 in the high rate environment. This means that for every one percentage point change in the slope, the NIMs vary by about 13 basis points in the low interest rate environment. While we will continue to include the slope in the regressions, we will focus less on the results on the slope for this paper.
In terms of other variables, we find, as expected, a positive coefficient (of about one-third for the full sample) on the lagged dependent variable, indicating that NIMs adjust over time.
Note that the coefficient on the lagged dependent variable is much lower in the low interest rate environment, suggesting a different adjustment process. Banks that rely more on deposits do not have statistically significant different NIMs, as the zero coefficient on the deposit over liabilities variable shows, with no differences by interest rate environments. Better capitalized banks have typically higher NIMs, but, as the smaller coefficient for low environment suggests, see less of a positive impact of capitalization on NIMs in a low interest rate environment. In terms of asset composition, those banks that have higher securities to assets ratios, i.e., are less engaged in lending, have in general lower NIMs, possibly reflecting lower-yielding securitized mortgages and sovereign debt, with this effect stronger in high interest rate environments. Finally, the coefficient on GDP growth is insignificant in the low and significantly negative in the high interest rate environment. While not consistently significant, the negative sign nevertheless does not support an interpretation that NIMs are high (low) in high (low) interest rate environments because of concurrent strong (weak) economic activity and related lending opportunities.
We next run the same set of regressions, but now including time fixed effects. Results are shown in columns 4-6 of Table 3 . We find that the regression results are affected, in that the effect of interest rates on NIMs is smaller, a coefficient of 0.04, and is no longer larger in a low interest rate environment (statistically, the coefficients are not significantly different). Other regression results though are largely confirmed. As such, it suggests that the earlier regressions may be capturing in part a common time trend across all countries, possibly due to advanced countries in the sample all lowering their interest rate after the GFC or the greater regulation and more intense supervision that followed the crisis. While these results thus do not imply we have to reject the main hypothesis, we do have to caveat it.
Using the same base regression (in columns 1-3), samples composed of different banks and countries were also used as robust tests (not reported). Specifically, similar levels of significance and direction of coefficients are found when using unbalanced or balanced samples, samples with or without U.S. banks, and trimming observations differently. Even though, when conducting the analysis for individual countries, we find qualitatively the same results, there is significant quantitative heterogeneity in effects.
We next decompose the dependent variable NIM and consider separately the interest income margin, i.e., interest income to earning assets ratio, and the expense margin, i.e., interest expenses to interest-bearing liabilities ratio, first for all bank-year observations, and then for those separately in the low and high interest rate environments (note the NIM is not exactly the equal of the difference since the two ratios use slightly different denominators). This analysis allows us to identify more precisely the mechanism by which NIMs adjust in response to interest rates: specifically, do assets reprice differently than liabilities? We use otherwise the same specifications as in Table 3 . Regression results are reported in Table 4 .
We find that the effects of interest rates are generally larger on the interest income margin (columns 1-3) than they are on the interest expense margin (columns 4-6), suggesting that banks have to reprice their assets more aggressively than their liabilities. While for the full sample the difference in coefficients is only 6 basis points (0.362 vs. 0.303), there is a much greater adverse effect of interest rate changes on NIMs in the low-rate environment on interest income than on interest expense, which appear to largely drive the greater pass-through of low interest rates. Specifically, a one percentage point decrease in the short-term rate is associated with a 67 basis-point decrease in the ratio of interest income to earning assets in the low-rate environment (column 2) and only a 30 basis-point decrease in the high-rate environment (column 3), a 37 basis-point difference. The equivalent difference is about 26 basis points for the ratio of interest expense to liabilities, 51 basis points (column 5) -25 basis points (column 6), i.e., 11 basis points less than for the interest income margin. In other words, at low rates, banks have to pass on more of the lower interest rate to both their borrowers and lenders, but have greater difficulty reducing their funding rates, while they still have to pass the lower rates to a significant degree on to their borrowers, likely due to greater competition, including from non-bank lenders, leading NIMs to decline more. Equivalently, the differential in pass-through in a low interest rate environment on incomes vs. expenses of about 16 basis points (67 minus 51) can be compared to the 5 basis points (30 -25) differential effect in a high rate environment, which makes again for about 11 basis points difference on the NIMs. These regression results thus also confirm the general result of Table 3 that banks' NIMs are about 12 basis points more sensitive to the interest rates when it is low. Overall, it thus seems that the differences in the interest rate sensitivity of NIMs between small and large banks (columns 1 vs. 4) is largely driven by the higher sensitivity of small banks in the low interest rate environment.
The higher sensitivity to the slope variable in the low interest rate environment seems also driven by the small banks that have perhaps less ability to hedge such risks than large banks do. The lagged dependent variable has about the same coefficient for large banks in both environments, but is smaller for the small banks in the low interest rate environment, which may again reflect the challenges for these banks in maintaining their NIMs. The other control variables have generally the same signs and similar size coefficients for both groups of banks:
better capitalized banks have higher NIMs as do banks with a lower ratio of securities on their balance sheets. Deposit funding is less relevant for both sets of banks and interest rate environments. And when the GDP growth rate is statistically significant, its sign remains negative.
We next analyze if effects differ by banks' assets and liabilities' maturities and related mismatches. This analysis both allows us to confirm the mechanism by which NIMs adjust in response to interest rates, which relate to the (degree of) repricing of assets and liabilities, and assess if the nature of adjustment varies by duration. We define a bank as having a "long" maturity if it has an average balance sheet maturity (asset and liabilities separately) over the sample period greater than the median maturity for banks in its country and classify it as having a "short" maturity otherwise. We then analyze again the impact of a one percentage point change in the short-term interest rate on the same period interest income margin and the interest expense margin.
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Regression results are reported in Table 6 , for the interest income margin in columns 1-6
and for the expense margin in columns 7-12, using the standard specifications (of Table 3 ).
Consistent with a priori expectations, the regression analyses show that the highest contemporaneous pass-through of a change in interest rates to interest income is for those banks with short asset maturities and especially so in the low interest rate environment (column 3).
Here the coefficient on the interest income margin is 0.936, implying that a decrease (increase) in interest rate is almost fully passed on to interest income in the same year. The pass-through for the long asset maturity banks in the low interest rate environment is less, but still quite large, 0.66 (column 4). In contrast, in the high interest rate environment, the pass-through is much lower for both short and long asset maturity banks, 0.32 and 0.22 respectively (columns 5 and 6).
The difference in coefficients between the high and low interest rate environment for banks with short asset maturity is more than 60 basis points and for banks with long asset maturity almost 45 basis points. Of these differences, the ones between columns 3 and 5 and between 4 and 6 are statistically significant, but the ones between columns 3 and 4 and between 5 and 6 are not.
Similar, although of somewhat lower magnitudes, are the coefficients for the passthrough to interest expense and the differences in these coefficients between the low interest rate environment and the high environment. Specifically, results show that banks with short maturity liabilities see higher pass-through than banks with long maturity liabilities, 77 basis points vs. 52 10 Besides differences in maturity structure, there can also be differences in the frequency of repricing of claims with the same final maturity, as for example, in fixed vs. variable rate mortgages. Data on such differences is not available, however, consistently for our full sample of banks and countries. We can therefore only analyze, and even then only for a smaller sample of banks, when differentiating by the maturity of the banks' assets (liabilities). Separately, regressions using the base specification, not reported, confirm for this sample the results reported in Table 3 , columns 1-3.
basis points in the low rate environment (columns 9 and 10). Importantly, the coefficients for the banks with short liability maturities are higher in the low interest rate environment than in the high environment, 0.77 vs. 0.52, a difference which is statistically significant. For the banks with long liability maturities, the coefficients are not (statistically significant) different from each other in the two interest rate environments, both are about 0.5 (columns 11 and 12). Together, this suggests that the greater pass-through of interest rates to NIMs in a low interest rate environment arises in large part from the fact that banks have to reprice their short-maturity assets quickly, likely also related to greater competition among lenders in the markets for shortterm financing, while they are limited in how much they can adjust their short-and long-maturity liabilities, possibly in part related to the effective lower bound on (retail) deposits and other liabilities.
In terms of the other bank balance sheet control variables, we find that once we start splitting the sample finer these variables in general lose some of their statistical significance. The deposit over liabilities ratio and equity over assets ratio seems important in explaining the interest expense margin, but signs or significance are not consistent across regressions. The securities over asset ratio matters for this margin rarely as well. What is consistent is the negative sign on the country's GDP growth for both margins, but with somewhat higher coefficients on the expense margin, suggesting that combinations of low interest rate and low growth make maintaining NIMs even more challenging.
Regression results for ROA
We next repeat the regressions we did for NIM in terms of bank profitability using ROA as the dependent variable. As noted, for a variety of reasons, we do not expect a relationship between interest rates and ROAs that is as clear or close as that between interest rates and NIMs. Table 7 provides the base regression result using similar specifications as in Table 3 , where we split the sample into bank-year observations in the low-or high-interest rate environments, and also split by large vs. small banks, as well as reporting the regression results for the full respective samples. It shows that ROAs are a positive function of the level of the interest rate, but one that is not statistically significant for any of the samples. The effect is also small, on the order of 3 basis points change for a 1 percentage point change in the interest rate. The general effect (in column 1) is smaller though than that in low interest rate environment (column 2), and about the same as in the higher interest rate environment (column 3), but with the difference between the two interest rate environments not statistically significant (columns 2 vs. 3). As such, there is limited evidence that a lower interest rate adversely affects banks' profitability more. This difference is greater for large banks (columns 5 vs. 6), but for small banks there is little additional effect of being in a low interest rate environment (columns 8 vs. 9) as the size of the coefficients there are very similar. Overall, the effect of the level of interest rates is not strong, possibly as effects on profitability through the NIMs are offset by other items, such as gains on securities from changes in interest rates.
The relationship of ROA with the slope of the yield curve is statistically more often significant, and consistently larger in the low interest rate environment, i.e., there appears to be a differential effect from being in a low environment. Actually, the relationship is statistically significant negative in the high environment for all and large banks, and statistically significant positive for all and small banks in the low environment. The fact that the coefficient on the spread is negative in the high interest rate environment, and statistically significant for the entire sample of banks and large banks, could possibly reflect that a higher slope is generally associated with more adverse economic conditions (note that GDP growth is now consistently positive, indicating that channel as well). Overall, though the coefficients for the slope of the yield on ROAs differ in similar ways for the three samples between low and high environments, with the more adverse effects coming from the low interest rate environment and the three differences all statistically significant.
Low-for-Long
We next consider in more detail the time patterns by which banks' NIMs get adjusted to get some insights as to what happens when interest rates end up being low for some time. As documented for the United States, the adjustment of deposit rates takes about 3 weeks in the time series (Yankov, 2014) , and about 1-2 weeks in the cross-section (Drechsler, Savov, and Schnabl, 2014) . Given that our data is at the annual level, it is thus unlikely that slow adjustment of retail deposit rates would account for much of an adjustment effect on bank NIMs or profitability.
Even when rapid, however, adjustments of borrowing and lending rates may be done incompletely, i.e., not one-to-one, given the effective lower bound of (near) zero on deposit rates, the fear of losing customers which provide other valuable business, or other reasons, including competitive conditions. Also some liabilities and loans, even though having a longer-term maturity, have floating rates and are thus repriced quickly at higher or lower interest rates. But even when posted rates change quickly in response to changes in interest rates, the repricing of some other liabilities and assets, and the resulting effects on NIMs and profitability can take some more time. Many liabilities and assets (e.g., certificates of deposits, in many countries . We investigate this question by explicitly considering the length of time, that is, the number of years, the bank has been in a low interest rate environment, using both the number of years and dummies for each (additional) year the country is a low interest rate environment. Since we no longer study the banks that have only been in a high or low interest rate environment, the sample of bank-year observations drops to about half. (Table 3, column 2), but now for a smaller sample. Column 2 shows that the adverse effect of a low interest rate on NIMs depends on the number of years the bank spends in the low environment as the coefficient on Years in Low is statistically significant and negative. The decline in NIMs is about 8 basis points for an additional year. We next investigate the time-pattern in the effects (column 3): we find that the largest adverse effects on NIMs come in the 3 rd and 4 th year, about 38 to 40 basis points. This is consistent with banks having assets and liabilities that reprice over 1 to 2 years and engaging in some hedging activities (note that in this specification the contemporaneous effect of a 1 percentage point lower interest rate on the NIM remains similar, 16 basis points, but is no longer statistically significant). These regression results confirm analysis using German banks, Memmel (2011), which suggests that the full effects of repricing take a period of 1-1.5
years. Together, these results confirm the general concerns that there are some additional adverse effects on banks' NIMs from being long in a low environment.
Columns 4-6 of Table 8 report the regression results where we consider the effect of interest rates on profitability depending on the length of time the bank has been in a low interest rate environment, with the first column using the base regression specification, but finding less significant results for this smaller sample of banks. We find, similar to the results for the NIMs, that there are increasingly adverse effects on profitability the longer the bank is in a low environment (column 5), with effects to amount to about 6 basis points per year. Considering the time pattern (column 6), it appears that the adverse effects are some 15-20 basis points in the first two years and then increasing to some 25-30 basis points in the 3 rd and 4 th year. Only in the last year, however, is this effect statistically significant. Overall we thus find that there are additional, economically important effects of low interest rates on profitability when rates are low for long.
This also suggest that banks can only partially offset in the short-and even medium-term the effects of lower NIMs on profitability through generating non-interest forms of income or reducing their interest expenses.
Country risks
So far, we have used the 3-month and 10-year sovereign rates as the relevant rates in terms of affecting banks' NIMs and ROAs since banks' borrowing and lending rates are typically priced of the local sovereign rates. At the same time, sovereign rates can include some elements of country risks. While US Treasury and many other countries' bills and bonds can be considered riskless, this does not necessarily hold for all countries. For example, our sample includes countries that were heavily affected by the European sovereign crisis such as Greece, Portugal, Spain, and Italy, as well as politically unstable countries such as Venezuela. As such, the sovereign rates we use are not necessarily risk-free rates. To the extent, however, that banks' riskiness is correlated with sovereign risk (as many papers have shown, e.g., Acharya et al., 2015 , sovereign risks are correlated with bank credit risk) and that banks' borrowing and lending rates are priced off local sovereign rates, we can still expect the NIMs and ROAs to be a function of the sovereign rates, including the risk premium in them. As such, the regressions are likely still well-specified.
Nevertheless, as a robustness exercise, we investigate if accounting for sovereign risks would alter our main results for the NIMs. We do so by including in the base regression for those countries where it is available to us, the sovereign CDS as a proxy for sovereign credit risk (the sample size is slightly reduced, from 27,216 to 23,472 bank-year observations). Table 9 reports the results, where columns 1, 3 and 5 repeat for the various samples the specifications as in Table   3, 
V. Conclusion
This paper investigates the effects of (low) interest rates on bank net interest margins (NIMs) and profitability. We find that low interest rates have a significantly greater impact on bank NIMs than high interest rates. The impact is greater on interest income margins than on interest expense margins, and banks with short maturity balance sheets are more affected than those with long maturity balance sheets. Effects on banks' profitability are less strong, perhaps in part as low interest rates can provide for some valuation gains and as banks mitigate the impact from low rates on overall profitability, possibly through cost cutting and generating more noninterest income. Nevertheless, the fact that profitability is also negatively related to the length of time interest rate are low shows the challenge for banks to maintain their income if low interest rate environments persist, especially for more than a few years. While institutions can make adjustments to offset the low rates' adverse effects on profitability (as well as to offset, also in light of recent regulatory changes, heightened market pressures, and changed opportunities), such efforts take time and likely have limited immediate payoffs, especially when facing weak cyclical conditions and deleveraging pressures. Challenges to maintain income may be especially acute for those banks that already have low NIMs and high cost structures.
The adverse effects of low interest rate on banks' NIMs and profitability raises some policy issues. One is the possible adverse effects on the transmission of monetary policy: as the low interest rate undermines banks' capitalization and ability to lend, it can impede the bank lending channel, and thus may make lowering interest rate a less effective tool to stimulate economic activity. 11 Another important issue is what the effects of "low for long" interest rates are for banks' longer-term capitalization and franchise value. Until lost income from lower NIMs can be offset through other actions, lower profitability will reduce financial institutions' ability to build and attract capital, increasing their vulnerability to shocks and declines in market confidence, and undermining their ability to support the real economy. Both an impeded monetary policy transmission and a weaker banking system capitalization can adversely affect economic activity and financial stability going forward. As banking systems in many low interest rate countries already had relatively low NIMs, those especially will have to adjust their activities and cost structures so as to offset low rates' adverse effects on profitability and capital.
Our regression results do come with some caveats. First, some limits to the analysis relate to appropriate lags and potential non-linearities between changes in interest rates and NIMs.
There may be lags, which also vary by banking system, as well as important non-linearities in the impact of interest rate changes in a low-yield environment compared to the high-yield environment not captured with our specification. Second, our analysis only looks at the effect on current margins but does not study any shifts in behavior. Changes in interest rates' effects on banks' NIMs (and profitability, capital adequacy and franchise values over time) may vary, however, as banks adjust their funding structures, lending and investment portfolios and their non-interest activities. These adjustments have been found to be important in the case of Japan.
Also, there have been many regulatory changes since the GFC that could have affected banks' NIMs, which we only capture in a very aggregate way. Lastly, it is important to acknowledge the endogeneity of monetary policy to economic conditions, with the latter also having their own direct effects on banks' performance. As such, the relationships we find between interest rates on one hand and NIMs and profitability on the other hand as not necessarily causal.
11 Gambacorta and Shin (2016) analyze this, and Brunnermeier and Koby (2016) and Drechsler, Savov and Schnabl (2016) provide models. See further Brunnermeier and Sannikov (2017) for modelling and Coeure (2016) for a discussion when rates are negative.
Appendix I: Effects of low interest rates: modeling
Theoretical Interpretation of NIM
Empirically, we find that the NIMs are higher when interest rates are higher, but NIMs are more sensitive to interest rate fluctuations when the level of interest rates is lower. This empirical result is consistent with a theoretical breakdown of the components of NIM.
First, consider the definition of the NIM:
= −
By definition, interest income can be written as the product of the bank's earning assets and the interest rate on lending, , while interest expense can be written as the product of the bank's interest bearing liabilities and the interest rate on borrowing, ′.
We can write interest bearing liabilities as a ratio of average earning assets, so . In order to model how NIMs change as the interest rate level changes, it is easiest to assume a static balance sheet, i.e. that λ is a fixed constant, which yields three cases to consider how the borrowing rate relates to the lending rate.
Case 1: is static (e.g., the deposit rate is an unchanging proportion of the loan rate).
If this were the case then the rate of change of NIM in relation to would be = 1 − Because λ and are both constants, the change in NIM would also be constant as changes.
Case 2: = − (e.g., the deposit rate is a fixed spread below the loan rate).
If this were the case then we can substitute in − for and we find that
Then the rate of change of NIM in relation to r would be = 1 − Because we assume λ to be a constant, the change in NIM would also be constant as changes.
Case 3: = −1 , for > 1 and > 0 (e.g., the deposit rate grows as a proportion of the loan rate). If this were the case then we can substitute in −1 for and we find that
Then the rate of change of NIM in relation to would be
Because we assume and to be constant, the change in NIM would shrink as r increases, and would be greater when is lower. In other words, the NIM would be more sensitive to changes in the interest rate when the interest rate is closer to zero.
Conclusion: Given our empirical results, we reject cases 1 and 2 as our tests are consistent with case 3. This result implies that there is an important non-linearity in the mapping of the shortterm interest rate to the lending and borrowing interest rates. The annual average of a country's implied 3-month sovereign bond yield. Implied yields are calculated for each day by Bloomberg's Fair Value market curve. Bloomberg
Spread: 10yr -3mo Yield The difference between a country's average 10-year implied sovereign bond yield and that country's average 3-month implied sovereign bond yield in a particular year. Bloomberg
Low and High Rate Environments
A country is classified as being in a "low" rate environment if its average 3-month implied sovereign yield for that year was less than or equal to 1.25 percent (chosen because this is roughly equal to the median three-month implied sovereign yield of all country-year observation pairs in the dataset), and is classified as being in a "high" rate environment otherwise.
Authors' Calculations Net Interest Margin
This ratio is the net interest income expressed as a percentage of average total earning assets. Net interest income includes gross interest and dividend income minus total interest expense. Total earning assets is the sum of total loans, total securities, investments in property, and earning assets not otherwise categorized, including non-current assets held for sale which are not loans.
Bankscope Return on Assets
This ratio is the net income expressed as a percentage of average total assets. Bankscope
Interest Income Margin
This ratio is the interest income expressed as a percentage of average earning assets. Interest income includes interest income on loans, dividend income, and other interest income. Total earning assets is the sum of total loans, total securities, investments in property, and earning assets not otherwise categorized, including non-current assets held for sale which are not loans.
Bankscope Interest Expense Margin
This ratio is the interest expense expressed as a percentage of average interest-bearing liabilities. Interest expense includes interest expense on customer deposits, preferred dividends paid and declared, and other interest expense. Interest-bearing liabilities includes total deposits, money market and short-term funding, total long-term funding, out-of-themoney trading and hedging derivatives (less the value of netting arrangements), and trading liabilities.
Bankscope
Panel B: Macro Controls
GDP Growth
The annual percentage change in a country's real gross domestic product. National Accounts Panel C: Bank-level Controls
Deposits over Liabilities
This ratio is deposits and short-term funding expressed as a percentage of total liabilities. Deposits and short-term funding includes total customer deposits, deposits from banks, money market instruments, CDs, and other deposits.
Bankscope Equity over Assets
This ratio is the total equity expressed as a percentage of total assets. Total equity includes common equity, non-controlling interest, securities revaluation reserves, foreign exchange revaluation reserves, and other revaluation reserves.
Bankscope Securities over Assets
This ratio is total securities expressed as a percentage of total assets. Total securities includes reverse repos and cash collateral, trading securities, all in-the-money trading derivatives and derivatives recognized for hedging (less the value of netting arrangements), available for sale securities, held to maturity securities, at-equity investments, and other securities. 
Authors' Calculations Short and Long Maturity Banks
A bank is classified as having a "long" maturity if it has an average balance sheet maturity over the sample period greater than the median maturity for banks in its country, and is classified as having a "short" maturity otherwise. Notes: This sample includes only banks with sufficient maturity data from 2005 to 2013, which is 1,822 banks for columns (1)-(6) and 1,951 banks for columns (7)-(12). Unconsolidated bank-level balance sheets and income statements are reported by Bankscope. Interest rates are calculated as the annual average of daily implied sovereign yields reported by Bloomberg. Columns (3), (4), (9) and (10) include only those observations in a Low yield environment, where the 3-month sovereign yield is at or below 1.25 percent. Columns (5), (6), (11) and (12) include only those observations in a High yield environment, where the 3-month sovereign yield is above 1.25 percent. Even numbered columns include only banks classified as having a Long balance sheet maturity, while odd numbered columns include those banks with a Short balance sheet maturity. A bank is classified as having a Long maturity if it has an average balance sheet maturity over the sample period greater than the median maturity for banks in its country, and is classified as having a Short maturity otherwise. Assets are used to determine maturity for the interest income margin, i.e. columns (1)-(6), whereas liabilities are used for the interest expense margin, i.e. columns (7) (2) and (5) include only those observations in a Low yield environment, where the 3-month sovereign yield is at or below 1.25 percent. Columns (3) and (6) include only those observations in a High yield environment, where the 3-month sovereign yield is above 1.25 percent. Coumns (4)-(6) include time fixed effects. Standard errors are clustered at the country level and t-statistics are reported in parentheses. All regressions include bank fixedeffects. 
Authors' Calculations
